Effects of lactation period and feed on essential minerals composition of mare's milk were studied. Average Ca, P, Na and Mg concentrations in feed DM were 0.66, 4.30, 0.13 and 2.21 g.kg -1 of DM (dry matter), respectively. In regard to milk all elements concentrations were not similar to each other due to the changes of the lactation day differences. Average Ca, P, Na and Mg concentrations (in DM) caused by breed differences and lactation days were 1.95, 1.08, 0.53 and 0.22 g.kg -1 , respectively. During the milk period, a high-quality feed were maintaining the major mineral composition of mare's milk in 1.5 -2 times higher amount than milk of mare fed with pasture and a low-quality feed. The colostrum stage of mare was much shorter than other animals, the mare's milk on the 2nd day of lactation showed properties of initial milk in which its composition, particularly in minerals, were two times higher when compare to that on milk periods that was started from 5th day after parturition. It seemed that some factors, except well physiological conditions, such as mare's age, number of foaling, sex of foal etc. did not affect milk nutrient composition.
INTRODUCTION
Milk is a fluid secreted by the female of all species of mammals or opaque white liquid produced by the mammary glands of mammals. Milk provides the complete nutritional requirements of the neonate of the species, as well as some immunological protection and other physiological requirements. The milk samples of all species are basically similar but there are very significant species-specific differences. Interspecies differences in the quantitative composition of milk probably reflect differences in the metabolic processes of the lactating mothers and in the nutritive requirements (amino acids, minerals, fatty acid, vitamins etc.) of the suckling. In regard with horse, now there are approximately 260 of different breeds of Equus ferus caballus all over world. The mare's milk is one of the basic foodstuffs for human populations in Kazakhstan, Kirghizia, Tadzhikistan, and Uzbekistan and mainly in Mongolia. Milk-alcoholic beverages, called Koumiss, Airag and Kumis, are traditionally produced through fermentation The composition of mare's milk fat, in addition to the properties of its protein fractions and amino acid composition, suggests that this milk is more similar to human milk than cow's milk. For this reason, and because of the low cross-reactivity between cow's and mare's milk proteins, a clinical study has suggested that mare's milk could be used as a valid replacement for cow's milk in children with severe IgE-mediated cow's milk protein allergy (Barello et al., 2008) . More recently, the consumption of mare's milk and other dairy foods, by virtue of their mineral, bioactive lipids, and protein components, have been shown to help reduce the risk of chronic disease disorders including osteoporosis, hypertension, excess body weight and body fat, dental caries, and some cancers (Businco et al., 2000, Guradi et al., 2001 , Official Methods, 1990 . Important nutrients are secreted by the mare to supply her foal with energy, protein, fat, carbohydrates, vitamins and minerals for optimal development and growth. To correct these nutrient losses and at the same time support maintenance requirements, lactating mares must consume adequate amounts of quality feeds. It is known that intake of minerals and amino acids are particularly important for the growth foals.
In the last decade, many studies have been carried out on equine milk and colostrums composition and, especially on
Scientific hypothesis
This paper is focused on changes of contents of essential nutrients of mare's milk depending on lactation stages, feeding system and some breeds. Aims were to analyze the content of significant nutrient elements in mare's milk and feed for the lactating mare, as well as to characterize effects of several factors that affect milk properties such as lactation periods, breed and mare's diet. More specifically, the aims were i) to analyze changes in major minerals composition of mare's milk caused by differences of broodmares and periods of the first month after parturition, ii) to analyze the major mineral and dry matter of the feed used to feed the lactating broodmares on the lactation days after parturition, and iii) to study the relations between mineral composition of milk and feed. The final goal was to improve on knowledge of the relationship between minerals in mare's milk and their feed, and, if possible, to expand the findings on equine dairy science.
MATERIAL AND METHODOLOGY Reagents and solutions:
Nitric acid (≥ 65%) and water (both Trace Select Ultra, Ultra Trace ACS, for trace analysis, Fluka, Buchs, Switzerland) were used. Standards of elements Ca, Na, Mg and P (Astasol-Ca, Astasol-Na, Astasol-Mg and Astasol-P were purchased from Analytika (Prague, Czech Republic). The working standard solutions were prepared by diluting the Ca, Na, Mg stock solutions 1.000 ±0.002 g.L -1 in 2% nitric acid and P stock solution in 0.005% sulphuric acid. All working standard solutions were stored in polypropylene bottles. Deionised water was used for the preparation of all solutions.
All glassware was initially washed with detergent and water, and then the glassware was rinsed several times with deionised water and dried. Argon (purity 4.8) and nitrogen (purity 4.6) was from Messer (Prague, Czech Republic). All other reagents and solutions were of analytical grade purity (Sigma-Aldrich, St. Louis, MO, USA).
Equipments:
Microwave oven MarsXpress (CEM Corporation, Matthews, NC, USA) equipped with 20 mL PTFE high pressure vessels was used for microwave digestion (power 800 W). A Prodigy ICP-OES (Teledyne Leeman Labs, Hudson, NH, USA) was used for determination of calcium, phosphorus, sodium and magnesium contents in milk and feed. A vacuum lyophiliser Christ Alpha 1-4 (Martin Christ GmbH, Osterode am Harz, Germany) was used for sample vacuum lyophilisation.
Selection of broodmares and broodmare's milk samples In order to collect mare's milk and colostrum samples, eight different broodmares were selected. All the mares of age from seven to sixteen years (10 ±3 parities) were mature and well-developed live weight between 500 and 600 kg. They were kept indoor and outdoor individually, and fed with 1.3 kg wheat bran and 2.1 kg homily, 5.0 kg oats in every day. Water was available months.
The milk samples (1P -8P, approximately 40 -50 mL each) were taken in plastic containers at days 2, 5, 10, and 28 days postpartum (Table 1 , and in some cases also at 56th day for 1F and 2P). Before milking, foals were separated from their mothers for approximately 2 hours to prevent from suckling. First and second milking of mares was undertaken with hand milking as deep as possible. Some mares had not previously been subjected to any milking procedures. Collected milk samples were taken directly to the laboratory and frozen at -80 °C for 4 hours, and then lyophilised at 12 Pa and -40 °C using vacuum lyophilisation. All lyophilised samples were stored in fridge at -34°C until use for analysis.
The feed samples (in amount of approximately 500 g) were collected in polyethylene bags from feed mixture for the lactating mares at same days as milk sample collecting (Table 1) . Then all samples were taken to the laboratory and stored at room temperature. All feed samples were homogenized and grounded. The feed samples were put into plastic containers and stored at room temperature until use for analysis.
Procedures

Analysis of dry matter
Dry matter (DM) was determined according to the standard procedure of AOAC. Grounded feed samples were dried in oven at 105 ±1 °C to constant weight for 5 h (Official Methods, 1990, Nat. Res. Council, 1989).
Element analysis
The minerals contents of all milk and feed samples were determined by inductively coupled argon plasma optical emission spectrometry (ICP-OES). The lyophilized milk (20 mg) and feed samples (20 mg) were accurately weighted and put into a 20 mL high pressure PTFE containers and 4 mL digestion mixture (2 mL deionised water and 2 mL 65% nitric acid) were added and placed in the microwave oven for mineralization. Program of decomposition consisted of three steps i) temperature increase to180 °C in 25 minutes, ii) maintaining the temperature at 180 °C for 10 minutes and iii) cooling at room temperature. Afterwards, mineralized samples were put into 10 mL volumetric flasks and diluted with deionised water up to 10 mL for mineral analysis.
Calcium, phosphorus, sodium and magnesium contents (on DM basis) of milk and feed were determined by using ICP-OES. After scanning a blank, a standard solution and a sample solution in the programmed wavelength range, the background correction wavelengths were selected manually at appropriate background positions for each analyte signal. The detection limits of the method at the pre-selected wavelengths (Ca -317.933 nm, P -214.914 nm, Na -588.995 nm and Mg -280.271 nm) were high enough and permitted the determination. For each sample three determinations were performed. Instrument configuration and general experimental conditions are summarized in Table 2 . No. 1/2018
Statisic analysis
All data on the content of four minerals in DM of all samples are expressed as arithmetic mean accompanied by a standard deviation (mean ± SD), with outlying results excluded by performing a Dean-Dixon test (Q-test). To calculate arithmetic average and standard deviation was used by Office Excel® Microsoft. Data were evaluated by producing summary statistics and analyzing the variance using an ANOVA. Single Factor Scattering and Scale Comparisonthe Scheffé's method was implemented using the statistical program QC Expert 3.3 (Trilobite Statistical Software, Pardubice, CZ). Level of significance single factor analysis of scattering and pair comparison by Scheffé's method was set to 5% (p <0.05). In regard to lyophilized milk samples, all data revealed by ICP-OES were converted to the mean on fresh milk.
RESULTS AND DISCUSSION Dry matter of the feed
The dry matter (DM) content of all feed samples for the lactating mares is showed in Table 3 . The percentage of DM content of every feed sample was a little different from each other due to the preparation conditions of feed mixture and the ratio of forages in feed mixture. The average DM content of the feed was 89.2 ±0.7 % w/w (p <0.05) or in the range from 88.6 to 90.6%.
According to some authors (Berg, 2009) the DM content of some high quality feed types for the lactating mare such as grains, hay and chaff ranged from 87 to 91% (w/w). These results of DM content of feed samples also were in agreement with National Research Council (NRC) values (Nat. Res. Council, 1989) . DM content of all feeds, therefore, had the standard level of DM of feed and forage for the lactating mare.
Mineral composition of feed
The concentration ranges of major four elements (Ca, P, Na and Mg) determined in the 29 feed samples for lactating broodmares on the 2nd, 5th, 10th, 28th and 56th days after parturition are summarized in Tables 4 -7. These data were expressed as mean ± SD (p <0.05). There were significant differences among the feeds with regard to four elements content. For all feed samples, significant changes of contents of minerals were observed causing by days after parturition. Ca, P, Na and Mg concentrations (on a DM basis) were respectively 0.66 -0.78, 4.95 -5.05, 0.13 -0.15 and 2.59 -2.61 g.kg -1 in feed. Also these tables show the average content of these four elements in feed samples related to same lactation days. As shown in Table 4 , generally, the average concentrations of Ca in feeds for the lactating mares on 5th day after parturition was higher 0.72 ±0.18 g.kg -1 than other days, and on 28th, was the lowest 0.57 ±0.05 g.kg -1 . Calcium average concentration of feeds caused by kinds of forage and feed for horse ranges from 0.4 to 17.1 g.kg -1 and the feed type of grains such as oats and wheat, in, particular, ranges from 0.5 to 0.9 g.kg -1 (Berg, 2009). Ca concentrations of 1F and 3F on 5th and, the on 10th days after parturition, were increased gradually and then decreased. In regard to 2F, 5F, 7F and 8F, slight decrease, from the 2nd to 28th, was observed. Concentrations of 4F and 6F minerals were increased on the 5th day, but afterwards, decreased dramatically. The average concentration of Ca in the feed ranged from 0.70 ±0.14 to 0.57 ±0.05 g.kg -1
. Generally, Ca concentration increased gradually at interval between the 2nd and 5th days 0.70 ±0.14 and 0.72 ±0.18 g.kg . P concentrations of 1F, 2F, 4F and 6F on the 5th day decreased, although on the 10th day, increased slightly again. In regard to 3F, 5F, 7F and 8F, P concentrations decreased continuously and slightly. The average P concentration of all feed samples depending on experiment days was 4.30 ±0.26 g.kg -1 , and these all results of P concentration in feed samples were in agreement with NRC to feed the lactating mare (Berg, 2009, Saastamoinen and Koskinen, 1993). Na concentrations of feeds are shown in Table 6 . It was observed that the highest Na concentration was in 8F on 10th day as 0.21 ±0.01 g.kg -1 , and it was 0.12 ±0.01 g.kg -1 , on the 2nd day. The Na concentration of all feed samples, except 5F, 6F and 7F, increased gradually during lactation days. The average Na concentrations of all feeds on lactation days were 0.12 ±0.01, 0.13 ±0.02, 0.13 ±0.03 and 0.14 ±0.02 g.kg -1 , respectively. On the other hand, Na content rose slightly till 56th day and approximately constant on the 5th and 10th days. The average Na content was 0.13 ±0.01 g.kg -1
. Mg concentrations of feeds were not similar to each others, which are shown in Table 7 . On the other hand, an increase and decrease of Mg content of all feeds were observed in different ranges caused by lactating days, and the average Mg concentration was 2.21 ±0.12 g.kg . Mg contents of 1F and 6F on the 10th day, 2F, 3F, 4F, 7F an 8F on the 2nd day and 5F on the 5th day were the highest compare to that on other days, 2.59 ±0.01, 2.59 ±0.01, 2.44 ±0.01, 2.78 ±0.01, 2.45 ±0.03, 2.16 ±0.03 and 2.26 ±0.01 g.kg -1 , respectively. The average Mg concentrations of feeds for lactating mares demonstrated that Mg contents on the 5th an 10th days were constant and, further on the 28th, increased gradually again. Overall, the feed mineral composition is influenced by many factors such as storage condition, contamination, and ratio of feed mixtures (Csapó-Kiss et al., 1995).
Mineral composition of milk
The nutritive minerals found in mare's milk as mainly ionized form are essential for nutritional and metabolic functions of newborn neonate. The data on major essential mineral composition of milk from different eight broodmares fed with supplement feed mixture are given in Tables 3 -7. All minerals concentrations were described as mean ±SD (g.kg -1 ). The results of mineral concentration of milk samples demonstrated that Ca, P, Na and Mg contents of broodmares' milk were not similar to each other due to breed differences and lactation days. As shown in Table 4 , Ca concentrations of 5P 2.82 ±0.01 g.kg -1 and 8P 2.72 ±0.01 g.kg -1 on the 2nd lactation day were the highest in that of others, which were two times higher than that reported by Csapo-Kiss (Csapó-Kiss et al., 1995), while the lowest Ca concentration 0.66 ±0.01 g.kg -1 in 1P on the 56th day which was comparable to the mean of literature values. As reported in the literature, the mineral level of mare's milk caused by lactation stage differs greatly, which ranges 0.8 -1.3 g.kg -1 on 4 -180 lactation days. In many papers, Ca level is higher in colostral stage, in which milk is rich in proteins, than milk stage because of Ca ions play an important role in the structure and stability of casein micelles (Csapó et al., 2009 ). From dependence on lactation days, Ca concentrations of 1P and 5P decreased gradually from the 2nd to 5th and 10th days and then increased on the 28th day. In regard to others, a decrease on the 5th and 28th days and an increase on the 10th day were observed. The observations were in agreement with major papers ( With regard to phosphorus concentration of studied broodmares milk, the highest amounts were observed in all milk on the 2nd day during the lactation periods, which ranged from 1.93 g.kg -1 to 0.94 g.kg -1 caused by breed of broodmares. P concentration of 5P was the highest on the 2nd day while the lowest in 1P, but it was declined continuously on other days. Some authors reported that P content ranged from 0.7 to 0.9 g.kg -1 on 0 -45 days of the lactation (Schryver et al., 1986) . Although, mineral content is caused significantly by type of breed and feed which are the most powerful affecting factors on it (Summer et al., 2004) . was taken; -, sample was not taken, a a sample on 56th day was also collected for 1P, b a sample on 56th day was also collected for 2P. P content of 1P was lowest on all days when compared to others which ranged from 0.39 to 0.94 g.kg -1 , but it was in agreement with data on previous studies (Summer et al.,
2004, Solaroli et al., 1993).
Generally, it is reported that P content is declined after colostral period, and in the case of present study, P concentration of all milk, except 3P and 5P, decreased gradually after the 2nd day which is shown in Table 5 .
The concentration of Na in milk exists in lower amount than that of Ca and P, because Ca and P are associated in form of the colloid calcium phosphate, which are a large class of milk proteins (Solaroli et al., 1993) . Na content of mare's milk is lower than other farm animals (Sarwar et al., 1998). According to the data shown in Table 6 , significantly differences among Na contents of milk during lactation days were observed. Na concentration of all milk on the 2nd day was the highest and the lowest on the10th day. The highest Na amount 0.97 g.kg -1 was in 4P which was three times higher than the value reported in literature and the lowest 0.21 g.kg -1 in 2P, which was in agreement with some authors (Sarwar et al., 1998). However, many papers have shown different values of Na content of equine milk caused by breed and feed (Schryver et al., 1986 , Gálik et al., 2012 . Na concentration of 1P per each day of lactation was lower than others and of 2P, 4P and 5P was almost similar to each other during lactation days. In regard to 3P, the highest concentration 0.82 g.kg -1 was on the 10th day. According to some reports in the literature that Na concentration is high at the beginning of colostrum and then declines gradually, 1P, 2P and 7P were comparable to it, but of 3P, 4P and 5P decreased till the 10th and then increased on the 28th day of lactation. , was in agreement with earlier studies 50 -180 mg.L -1 of fresh milk (Summer et al., 2004, Nascimento et al., 2010) , but also Mg concentrations of 2P and 3P on the 2nd day were less higher, 0.24 g.kg -1 and 0.27 g.kg -1 respectively. It was two times higher than the mean of the literature values in the case of others on the 2nd, 5th and 28th days. The highest Mg concentrations were observed in all milk on the 2nd day of the lactation, after that it was decreased dramatically.
The average mineral concentrations depended on breed during the lactation periods is also shown in Tables 4 -7. Average Ca concentration in all broodmare's milk caused by breed difference was much higher (ranged from 1.70 to 2.28 g.kg -1 ) than other three major elements P, Na and Mg in milk and ratios of Ca to the others were 1.8:1, 3.7:1 and 9:1, respectively which was comparable to the some literature values ( 
Feed Milk
P was the second major element in mare's milk in regard to its amount and the average P concentration ranged from 0.86 to 1.50 g.kg -1 during the 1st month during lactation. With regard to Na, the highest amount was observed on 2nd day as 0.80 g.kg -1 and then two times dropped on the 5th day until 0.49 g.kg -1 . The average Mg decreased gradually after the 2nd day of lactation until 0.16 g.kg -1 on the 28th day and it was 1.5 times lower than the 2nd day of lactation.
Overall, Ca, P, Na and Mg concentrations in mare's milk were high in the beginning of the lactation periods and then declined as approximately 1.5 times on the 5th day of lactation and continuously till the 28th day. These results on four minerals were in agreement with and comparable to results of previous researches 
Relation between the mineral composition of feed and milk
The changes in average content of major four elements in different eight broodmares' milk and feed for them depended on the 2nd, 5th, 10th and 28th days of the lactation and the relations between them are given in Figure 1 . All data were expressed as mean ± SD, which indicated significant differences between changes in mineral content of milk and feed. Generally, lactation period is the most important factor influencing on mare's milk composition. The results conducted by changes in mineral content of milk showed that except Na, other three mineral Ca, P and Mg contents decreased gradually from 2.28, 4.54 and 0.28 to 1.92, 4.03 and 2.08 g.kg -1 during lactation periods, in particular on the 5th day of lactation, all minerals contents were declined significantly and further, decreased slightly. Some author reported that the ash content did not vary or decreased only slightly and the effect of the lactation period on mare's milk composition was similar for different breed (Martin and Doreau, 2006). However, the results of present study on milk mineral were not in agreement with above report. Moreover, it was in agreement with many results demonstrated in the literature that with regard to ash composition of mare's milk, the highest ash content is observed during the 1st week of lactation period. Afterward, total ash content regularly decreased, due to a decline of all minerals, the ash content in the later stages of lactation wais about 39% lower than that of the earlier stages (Summer et al., 2004, Martuzzi et al., 1997) . In regard to Na concentration of milk decreased till the 10th day of lactation and then, on 28th day, a slight increase was observed. Also it was similar to results reported by some authors (Summer et al., 2004, Martuzzi et al.,  1997) . The changes in mineral concentration of feeds for the lactating broodmares during lactation were not similar to each other. Ca and Mg concentration decreased during lactation period while P and Na increased gradually, except a slight decrease on the 5th day of lactation. In fact, the mineral composition of these feeds depended greatly on preparation of feed mixture. As shown in Figure 1a -d, there was no significant relation between changes in average mineral content of milk and feed. Although, P and Mg concentrations in milk and feed on the 5th day of lactation decreased dramatically, perhaps it was due to, in the case of milk, ending of colostral period. In contrast, Ca and Na concentration of milk decreased considerably while Ca and Na in feed increased. Further, Ca, P, Na and Mg concentration in milk on the 2nd, 5th, 10th and 28th days after parturition to feed ratios were found in amounts of Ca -3.2:1, 2.6:1, 3:1 and 3:1, P -1:3, 1:3.7, 1:4.2 and 1:5.1, Na -6.6:1, 3.8:1, 3:1 and 3.2:1, Mg -1:8.4, 9.5:1, 10.3:1 and 23:1, respectively. Overall, changes in milk mineral content caused by lactation periods were not correlated with that of feed, it was in agreement with some authors (Martuzzi et al., 1997, Hidiroglou and Proulx, 1982) , perhaps, due to milk production metabolic functions of the lactating mare and mineral transfer on it (Kavazik et al., 2002).
CONCLUSION
All results revealed indicated significant relations and changes in major minerals composition of different lactating mares' milk depending on the lactation periods and feed used to feed the mares. The average DM content of the feed was 89.2 ±0.72 % w/w (p <0.05). The highest Ca, P, Na and Mg concentration of feed were 1.13 g.kg -1 in 1F on the 10th day, 5.02 g.kg -1 in 4F on the 28th, 0.21 g.kg -1 in 8F 10th and 2.59 g.kg -1 in 1F 10th, respectively while the lowest concentration were 0.47 g.kg -1 in 5F on 10th, 3.27 g.kg -1 in 5F on 2nd, 0.11 g.kg -1 in 5F on 10th and 1.73 g.kg -1 in 5F on 2nd day, respectively. Average Ca, P, Na and Mg concentrations of all feeds caused by all days were 0.66, 4.30, 0.13 and 2.21 g.kg -1 , respectively. In regard to milk minerals, the highest Ca, P, Na and Mg concentration were observed in amounts of 2.82 g.kg -1 in 5P on 2nd, 1.93 g.kg -1 in 5P on 2nd, 0.97 g.kg -1 in 4P on 2nd and 0.32 g.kg -1 in 5P and 8P on 2nd day, respectively, when compared to the lowest were 0.66 g.kg -1 , 0.30 g.kg -1 , 0.05 g.kg -1 and 0.15 g.kg -1 in 1P on 10th day, respectively. All minerals concentrations were not similar to each other due to changes of the lactation days and breed differences. Average Ca, P, Na and Mg concentrations caused by breed differences and lactation days ranged from 1.95, 1.08, 0.53 to 0.22 g.kg -1 , respectively. Generally Ca and Na concentrations of feed were much lower and P and Mg concentration were higher than that of milk. The ratios of the average Ca, P, Na and Mg concentrations of milk caused by lactation days and breed difference to those of all feeds were 3:1, 1:4, 4:1 and 1:10, respectively. These ratios, except Mg, were kept during all experienced lactation days, without exception of the 2nd day.
